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Factsheet
The goal of the FIRE collaboration is to understand the formation of 
heavy elements in the universe

Prepared by LLNL under Contract DE-AC52-07NA27344.

ÁThree main topical areas
- Astrophysics

- Nuclear physics (structure and reactions)

- Nuclear data

ÁBudget: $500k/year
- 2 postdocs (ND and LANL)

- 1 graduate student (NCSU)

- 1 summer student (LLNL)

Á3 funding agencies
- DOE/NP: $100k/year

- DOE/USNDP: $100k/year

- NA22: $300k/year

ÁMetrics (current)
- 14 published articles

- 3 submitted articles

- >29 colloquia, invited talks, seminars

- 1 FRIB TA Topical Program
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Nucleosynthesis
Elements are formed in several different networks of nuclear 
reactions taking place in various astrophysical environments

Prepared by LLNL under Contract DE-AC52-07NA27344.

ÁStellar processes involve 
reactions with light nuclei

- Reaction rates can be 
measured accurately

- Astrophysical conditions 
drive remaining uncertainty

ÁHeavy elements are formed in 
neutron-rich environments

- No experimental data

- Rely on theoretical models
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The R Process
Heavy elements are formed through rapid neutron capture reactions 
in very neutron-rich environments

Credit: Davis Dulin of NC State

Prepared by LLNL under Contract DE-AC52-07NA27344.

Credit: Davis Dulin of NC State

Credit: Daniel Price (U/Exeter) and Stephan 

Rosswog (Int. U/Bremen)

ÁExact conditions still under debate

ÁMulti-messenger observation of neutron star 
merger (GW170817) suggests NN mergers are 
definite candidates

ÁSupernovae, black-hole collisions, etc. still not 
completely ruled out
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Ingredients of r-process Simulations
Theoretical simulations require complete and precise nuclear data for 
all nuclei in the nuclear chart, as well as astrophysical conditions

Prepared by LLNL under Contract DE-AC52-07NA27344.

ÁTo calculate: relative abundances of given 
elements YZ(t), YA(t), etc.

ÁAstrophysical inputs = Simulation of supernova 
explosion or NN merger

- Provide density and temperature for Maxwell-
Boltzmann statistics

ÁNuclear physics inputs for given (Z,N)

- Q-values for all decays

- Decay rates: ɻ-ȟ ɼ-, ɾ-decay, fission(s)

- Reaction rates: n-capture, photoreactions

- Decay products

ÁNuclear reaction network is set of coupled 
differential equations giving variations of 
abundances as a function of nuclear rates

ÁCompare with stellar and solar abundances
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Nucleosynthesis Codes
The FIRE collaboration uses PRISM to compute r-process abundances 
based on a set of nuclear and astrophysics inputs

Credit: Davis Dulin of NC State

Prepared by LLNL under Contract DE-AC52-07NA27344.

ÁCode co-developed under SciDAC
and JINA support

ÁClear-cut separation of nuclear 
models and reaction network 

PRISM
Nuclear

physics
Nuclear 

physics

Network

code
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